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Abstract

The Pacific Islands region includes the exclusive 
economic zones surrounding a diverse collection of 
islands and atolls — including the State of Hawaiʻi, 
the Territories of American Samoa and Guam, the 
Commonwealth of the Northern Marianas Islands, 
and the U.S. Pacific Remote Island Areas — that are 
widely scattered across the western and central 
Pacific Ocean and separated by many thousands 

of kilometers of vast pelagic waters. Much of the 
region is uninhabited and federally protected, and 
these ecosystems generally experience relatively 
low levels of local anthropogenic stress. However, 
the Pacific Islands are significantly impacted by 
global forcing, including basin-wide climate vari-
ability such as the El Niño Southern Oscillation and 
the Pacific Decadal Oscillation, and global climate 
change. This region is home to vibrant coral reef 
ecosystems, numerous threatened and endangered 
species, and economically- and culturally-signifi-
cant fisheries supporting commercial industries 
and local communities. NOAA’s Pacific Islands Re-
gion research goals are to:

•	 Maintain existing and develop new ocean 
acidification (OA) monitoring sites co-
located with biological surveys of coral 
reef and broader marine ecosystems to 
improve understanding of OA progression 
and response to be used in real-time 
forecasts for risk assessment and decision 
making;

•	 Integrate physical, chemical, biological, 
and ecological data to assess ecosystem-
wide direct and indirect impacts of OA, 
with an emphasis on key Pacific marine 
species; and

•	 Couple environmental, ecological, human-
use, and non-use valuation models to 
assess OA impacts to human well-being 
and develop effective ecosystem-based 
management strategies and relevant 
science communication tools.

6. U.S. Pacific Islands Region 
Acidification Research 
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Acidification in the U.S. Pacific Islands 
Region

The U.S. Pacific Islands region includes the exclu-
sive economic zones surrounding the State of Ha-
waiʻi, the Territories of American Samoa and Guam, 
the Commonwealth of the Northern Marianas Is-
lands, and the U.S. Pacific Remote Island Areas 
(Figure 6.1). The region encompasses biological-
ly-diverse coral reef ecosystems; supports cultur-
ally- and economically-valuable commercial, sub-
sistence, and recreational fisheries; and is home to 
numerous threatened and endangered species. The 
rich diversity and abundance of marine life and as-
sociated ecosystem services are vital for the health, 
culture, coastal protection, and economic viability 
of Pacific Island communities.

The Pacific Islands region covers an immense geo-
graphical area (5.82 million km2) that spans dramat-
ic gradients in oceanographic conditions, ranging 
from the relatively stable, oligotrophic North and 
South Pacific Subtropical Gyres to the dynamic up-
welling zones of the central equatorial Pacific. Many 
of the islands and atolls in the Pacific Islands region 
are uninhabited, remote, and federally protected as 
National Wildlife Refuges and Marine National Mon-
uments. As a result, these ecosystems experience 
relatively low levels of local anthropogenic stress, 

but are significantly impacted by global forcing, 
including climate variability and climate change 
(Polovina et al., 2016). Natural climate modes that 
exert influence in the region include the El Niño 
Southern Oscillation and the Pacific Decadal Os-
cillation, which drive large interannual and decadal 
shifts in ocean temperatures, winds, vertical mixing, 
equatorial upwelling strength, and seawater carbon-
ate chemistry that influence the structure and func-
tion of coral reef and pelagic ecosystems (Brainard 
et al., 2018; Sutton et al., 2014b). Within the past 
several decades, the progressive acidification of 
open ocean surface waters has occurred in con-
cert with rising atmospheric and surface seawater 
carbon dioxide (CO2) concentrations. The 30-year 
Hawai'i Ocean Time-series has documented signif-
icant decreasing trends in surface seawater pH of 
0.0016-0.0019 yr-1 in the North Pacific Subtropical 
Gyre (Bates et al., 2014a; Dore et al., 2009; Figure 
6.2), and pH has declined 0.0018-0.0026 yr-1 in the 
central equatorial Pacific between 1998 and 2011 
(Sutton et al., 2014b).

Coral reefs form the structural foundation for most 
of the island ecosystems in the region and provide 
substantial ecosystem goods and services to local 
communities through fisheries, tourism, and coast-
al protection (Bishop et al., 2011; Brander & van 
Beukering, 2013; Moberg & Folke, 1999; Storlazzi 

Figure 6.1. Map of archipelagic and island areas included under the U.S. Pacific Islands region and U.S. Exclusive Economic Zone bound-
aries.
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et al., 2019). These ecosystems are among those 
expected to be most sensitive to OA (Hoegh-Guld-
berg et al., 2007; Kroeker et al., 2010). Over the past 
two decades, NOAA’s comprehensive coral reef OA 
monitoring program has assessed spatial patterns 
and initiated monitoring of temporal trends in car-
bon system-related parameters and the biological 
and ecological components of coral reef ecosys-
tems most likely affected by OA. NOAA data collect-
ed on U.S. Pacific coral reefs have: 1) established 
carbonate chemistry baselines around 38 islands 
(Figure 6.3); 2) documented spatial patterns and 
drivers of reef calcium carbonate accretion around 
31 islands (Figure 6.4); 3) initiated assessments of 
reef bioerosion and dissolution at 13 islands; and 4) 
described cryptobiotia and microbial community di-
versity and abundance at 13 islands. The exposure 
to and impacts of OA within the vast pelagic and 
deep-sea ecosystems of the region remain much 
more poorly characterized.

Environmental Change in the U.S. 
Pacific Islands Region

Assessing spatial patterns and temporal trends in 
OA in coral reef and pelagic ecosystems is a high 
priority for NOAA’s environmental monitoring in the 

Pacific Islands region. Since 2000, NOAA has con-
ducted biennial or triennial coral reef monitoring 
at 38 Pacific Islands as part of the Pacific Reef As-
sessment and Monitoring Program (Pacific RAMP) 
and, since 2013, as part of the National Coral Reef 
Monitoring Program (NCRMP). In 2005, NOAA ini-
tiated monitoring of carbonate chemistry and key 
OA-related ecological indicators. These sampling 
efforts have established baseline means and spa-
tial variability in nearshore environments across 
the Pacific Islands region (Figure 6.3). In the open 
ocean, the international observing collaboration es-
tablished under the Global OA Observing Network 
(GOA-ON) has provided OA data integrated from re-
peat ship-based hydrography, volunteer observing 
ships, time-series stations, and moorings for the Pa-
cific pelagic areas that support important commer-
cial fisheries and highly-migratory protected spe-
cies (see Open Ocean Region, Chapter 2). There is 
currently no comparable OA observing network for 
mesophotic and deep-sea coral reef environments.

Paired with spatially-broad, but temporally-sparse 
in situ sampling, moored autonomous OA sampling 
arrays provide near-continuous monitoring of chem-
ical, physical, and meteorological conditions at sen-
tinel sites. These high-resolution time series offer 

Figure 6.2. Time series of mean surface carbonate system parameters measured at Station ALOHA, 100 km north of O'ahu, Hawai'i (22.75 
°N, 158 °W), 1988–2017. Partial pressure of carbon dioxide (pCO2), pH (total scale), and aragonite saturation state (ΩAr) were calculated 
from dissolved inorganic carbon (DIC) and total alkalinity (TA). Linear regression fits are overlaid. Adapted from Dore et al. (2009)
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baseline data on diel, seasonal, and interannual 
variability in carbonate chemistry and can be used 
to detect long-term acidification trends. Sustained 
observations are especially important in nearshore 
coral reef environments, where secular trends in 
pH can be difficult to discern due to highly variable 
biogeochemical conditions (Sutton et al., 2019). In 
the Pacific Islands region, NOAA and the University 
of Hawaiʻi have maintained Moored Autonomous 
pCO2 (MApCO2) buoys at several open ocean sta-
tions (WHOI Hawaiʻi Ocean Time-series, equatorial 
Tropical Moored Buoy Array) starting in 2004 and 
at four nearshore sites around Oʻahu, Hawaiʻi (Ala 
Wai, Kilo Nalu, Kaneʻohe Bay, CRIMP/CRIMP 2) 
starting in 2005. An additional buoy was deployed 
in Fagatele Bay, American Samoa in 2019.

Characterizing regional-scale OA patterns and 
trends across the broad oceanographic gradients 
of the Pacific Islands presents an enormous chal-
lenge. However, spatially-explicit, seasonal and 
annual carbonate chemistry datasets and OA fore-
casts (e.g., Gledhill et al., 2008) that project variabil-

ity in OA exposure and identify possible hotspots or 
refugia can be useful management tools. Upscaling 
in situ observations, developing coupled hydrody-
namic and biogeochemical models, and integrating 
remote sensing and model data to create hindcast 
and predictive OA spatial products are therefore 
high priority research needs for the Pacific Islands 
to support regional decision making and manage-
ment strategy evaluation.

Research Objective 6.1: Continue 
monitoring and assessment of OA in coral 
reef ecosystems
Nearshore OA monitoring is essential for tracking 
temporal and spatial variability in carbonate chem-
istry and the progression of OA in highly sensitive 
coral reefs. When co-located with biological assess-
ments and ecological surveys, long-term monitoring 
can offer an integrated ecosystem perspective of 
OA impacts on reef ecosystems and provide import-
ant baseline data for science-based management 
strategy.

Figure 6.3. Climatological aragonite saturation state (ΩAr) for the Pacific Islands region from the GLobal Ocean Data Analysis Project 
(GLODAP) v2 (Lauvset et al., 2016). Islands that NOAA surveys as part of the Pacific Reef Assessment and Monitoring Program are shown 
as points, with shading corresponding to the average 2010-2017 in situ ΩAr (calculated from DIC and TA).
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Action 6.1.1: Maintain carbonate chemistry water 
sampling in shallow coral reef environments and 
expand nearshore OA monitoring in collaboration 
with local partners to describe spatial patterns and 
longer-term temporal trends in OA across Pacific in-
sular areas.

Action 6.1.2: Conduct short-term, high-resolution 
instrument deployments to measure carbonate 
chemistry and other physical and biogeochemical 
parameters (e.g., temperature, salinity, water flow, 
light, and dissolved oxygen) and contextualize low-
er frequency observations (Action 6.1.1).

Action 6.1.3: Maintain and expand moored auton-
omous buoy deployments at representative coral 
reef sites and offshore reference stations and in-
crease coordination and collaboration with other 
international moored observing networks in the re-
gion to document high-resolution temporal variabili-
ty in carbonate chemistry and capture multi-decadal 
OA trends.

Research Objective 6.2: Expand regional 
OA observing system to include pelagic and 
deep-sea environments 
Establishing comprehensive OA monitoring pro-
grams in insular mesophotic, subphotic, and deep 

sea environments and expanding GOA-ON monitor-
ing in U.S. Pacific Islands pelagic waters (in coordi-
nation with Open Ocean Region Chapter 2, Research 
Objective 2.1) will improve understanding of spatial 
and temporal carbonate chemistry variability and 
enable predictions of OA effects on pelagic and 
deep sea ecosystems. 

Action 6.2.1: Maintain and expand shipboard under-
way pCO2, dissolved inorganic carbon (DIC), total al-
kalinity (TA), and/or pH analyzers on NOAA ships to 
measure the two or more pelagic surface carbonate 
chemistry parameters needed to constrain full car-
bonate system chemistry along cruise tracks. 

Action 6.2.2: Deploy autonomous data collectors 
(e.g., Saildrones, gliders, biogeochemical-ARGO 
floats) equipped to measure at least two carbon 
parameters (pCO2, pH, TA, DIC) and temperature, 
salinity, and other physical and biogeochemical pa-
rameters at the ocean surface and along vertical 
depth profiles to augment or replace shipboard col-
lections. 

Action 6.2.3: Collect subsurface oceanographic 
data and carbonate chemistry samples along ver-
tical depth profiles to establish baseline carbonate 
chemistry levels and monitor OA in mesophotic, 
subphotic, and deep-sea ecosystems.

Figure 6.4. Mean (± one standard deviation) in situ ΩAr plotted against mean (± one standard deviation) net calcium carbonate accretion 
rates (measured from Calcification Accretion Units, CAUs) for 31 Pacific Islands from 2010 to 2017. Islands are colored by subregion, and 
islands of interest are labelled. See Vargas-Ángel et al. (2015) for additional information on CAUs.
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NOAA divers service instrumentation that monitors acidification 
near a coral reef at Hawai'i Island. Credit: Paul Cox/Hawai'i Ma-
rine Education and Research Center

Research Objective 6.3: Create real-time 
and forecast OA spatial products
Regional OA maps that leverage available physical 
and biogeochemical datasets and model output 
can provide predictive and actionable spatial prod-
ucts. These products can be used to assess OA risk, 
identify vulnerable species and communities, and 
advise decision making at spatial scales and time 
frames relevant to management planning and policy 
decisions (in coordination with Open Ocean Region 
Chapter 2, Research Objectives 2.3 and 2.4).

Action 6.3.1: Construct time-varying insular and pe-
lagic maps of Pacific carbonate chemistry param-
eters (pCO2, pH, Ωarag) using remote-sensing data, 
assimilative models, and in situ sample data to pro-
vide regional-scale perspective on spatial patterns 
and temporal variability in OA.

Action 6.3.2: Couple hydrodynamic and biogeo-
chemical models with climate models to improve 
understanding of carbonate chemistry dynamics 
and OA prediction in both pelagic and coastal envi-
ronments and identify hotspots and refugia.

Biological Sensitivity in the U.S. Pacific 
Islands Region

Corals, crustose coralline algae, calcareous plank-
ton, and other marine calcifiers are among the Pacif-
ic taxa most vulnerable to the direct impacts of OA. 
In general, OA effects on the growth, reproduction, 
and survival of many warm water coral reef organ-

isms are now relatively well known (Kroeker et al., 
2010). As part of Pacific RAMP and NCRMP moni-
toring, NOAA has collected data on calcium carbon-
ate accretion and dissolution rates (Enochs et al., 
2016a; Vargas-Ángel et al., 2015; Figure 6.4); coral 
calcification and bioerosion (DeCarlo et al., 2015); 
cryptobiota and microbial diversity; and benthic and 
fish diversity, density, size structure, and biomass 
within the U.S. Pacific Islands (Smith et al., 2016; 
Williams et al., 2015). Of the region’s coral reefs, 
the deep-sea and mesophotic ecosystems exposed 
to shoaling aragonite saturation horizons may be 
among the first that OA impacts (Guinotte et al., 
2006; Hoegh-Guldberg et al., 2017). However, the 
OA sensitivity of these communities remains poorly 
constrained.

The mechanism and severity of possible OA ef-
fects on protected and managed species are crit-
ical knowledge gaps in the Pacific Islands region. 
The major pelagic and coastal fisheries — includ-
ing pelagic longline and purse seine fisheries for 
tunas and billfish and insular bottom fish, coral 
reef, and shellfish fisheries — may be susceptible 
to OA-driven reductions in species growth, fitness, 
and/or reproduction. Indirect OA impacts to these 
fisheries could include changes in habitat struc-
ture (e.g., changes to coral reef framework pro-
duction), spawning grounds, food sources (e.g., 
through shifts in calcareous plankton community 
structure), or trophic interactions (Cooley & Doney, 
2009; Nagelkerken & Connell, 2015). The critically 
endangered Hawaiian monk seal (Neomonachus 
schauinslandi), endangered hawksbill sea turtle 
(Eretmochelys imbricata), threatened green sea 
turtle (Chelonia mydas), and cetacean species may 
also be vulnerable to changes in essential feeding, 
breeding, and/or nesting habitats due to OA effects 
on seagrass beds and carbonate sand production 
(Hawkes et al., 2009; Price et al., 2011) and/or shifts 
in food availability and food web dynamics (Nagelk-
erken & Connell, 2015).

OA will likely alter the structure and function of 
marine ecosystems over the next several decades. 
Therefore, evaluations of climate drivers and eco-
system responses are needed to inform the effica-
cy of possible management actions (e.g., protecting 
resilient species and populations, setting fisheries 
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annual catch limits, reducing other stressors that 
exacerbate OA impacts, direct interventions to re-
duce OA) at scales relevant to local communities. 
By driving local-scale interactions with a range of 
climate scenarios and management strategies, re-
gional models can predict ecosystem dynamics 
and explicitly address tradeoffs across ocean use 
sectors. Recent Atlantis ecosystem model studies, 
including the Guam Atlantis model, have begun to 
incorporate OA drivers and species responses (Wei-
jerman et al., 2015). However, refining these models 
will require additional data on downscaled OA pro-
jections and sensitivities of local taxa to OA (Mar-
shall et al., 2017).

Big Momma, one of the largest coral heads in the world,  can 
be found in the National Marine Sanctuary of American Samoa. 
Credit: NOAA

Research Objective 6.4: Assess direct 
OA impacts on key Pacific coral reef and 
pelagic species 
Maintaining and expanding ecological monitoring, 
conducting laboratory perturbation experiments 
on understudied taxa, and synthesizing existing 
data to constrain the OA sensitivity of key species 
will improve our understanding of OA impacts on 
coral reef, mesophotic, deep-sea, and pelagic eco-
systems (in coordination with Open Ocean Region 
Chapter 5, Research Objective 2.5).

Action 6.4.1: Assess calcium carbonate accretion 
and dissolution on coral reefs and deep-sea coral 
habitats across latitudinal and depth gradients, 
paired with long-term monitoring of benthic and fish 
communities, to document the impacts of OA and 
other stressors on coral reef communities, describe 

resilience potential, and identify priority areas for 
management or restoration efforts. 

Action 6.4.2: Complete literature reviews and syn-
thesis of OA impacts to growth, fecundity, and mor-
tality of key Pacific species to inform the develop-
ment of sensitivity scalars of those organisms to 
decreased pH.

Action 6.4.3: Conduct field assays, laboratory exper-
iments, and multi-stressor studies to measure OA 
sensitivity for focal taxa (e.g., calcareous plankton, 
larval fish, shallow and deep-sea corals, mollusks, 
coralline algae, seagrass, and bioeroders), build OA 
response curves, and assess effects on trophic and 
food web interactions.

Research Objective 6.5: Evaluate indirect 
effects of OA on fisheries and protected 
species
Pelagic and coastal fisheries and protected spe-
cies (monk seals, sea turtles, and cetaceans) are 
regional research and management foci. However, 
robust OA impact evaluations do not currently ex-
ist for these species and populations. Determining 
the impacts of changes in carbonate chemistry on 
trophic interactions, essential habitats, and behav-
ior will help project their vulnerability to OA and aid 
in the effective management of these resources (in 
coordination with Open Ocean Region Chapter 5, Re-
search Objective 2.6).

Action 6.5.1: Integrate plankton and trawl surveys, 
fish diet studies, fisheries data, stock assessments, 
and laboratory experiments to assess OA-driven 
changes to the structure and energy flow of insular 
and pelagic food webs.

Action 6.5.2: Assess effects of OA on abundance 
and distribution of seagrass beds and determine as-
sociated impacts on sea turtle grazing behavior and 
habitat availability.

Action 6.5.3: Build carbonate sand budgets for 
beaches that serve as pupping and nesting grounds 
for monk seals and sea turtles to help assess the 
expected magnitude of changes in sand production 
related to reductions in coral, crustose coralline al-
gae, and calcareous macroalgae calcification rates.
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Research Objective 6.6: Determine 
ecosystem-scale OA impacts 
An ecosystem-scale integration of physical, chemi-
cal, biological, ecological, and socioeconomic data 
is required to determine the effects of OA and oth-
er stressors on coral reef and pelagic ecosystems, 
fisheries, and protected species and evaluate man-
agement strategies.

Action 6.6.1: Improve ecosystem model parameter-
izations by synthesizing carbonate chemistry ob-
servations, species-specific OA sensitivity data, and 
response curves (Action 6.4.2).

Action 6.6.2: Refine trophic interaction ecosystem 
models to include OA drivers and taxa responses in 
order to provide decision-support tools for fisheries 
and coastal resource management.

Human dimensions in the U.S. Pacific 
Islands Region

Over the next few decades, OA impacts on marine 
ecosystems in the Pacific Islands will likely nega-
tively affect ecosystem services, marine resources, 
and the local human communities who depend on 
them for their livelihoods, subsistence, wellbeing, 
and social and cultural continuity (Bennett, 2019; 
Brander & van Beukering, 2013; Leong et al., 2019; 
Storlazzi et al., 2019). Therefore, critical research 
priorities in the Pacific Islands region are evaluat-
ing and projecting the effects of OA on marine re-
source-reliant industries, local fisheries, and human 
communities, and developing ecosystem-based 
fisheries management strategies that are driven by 
OA-informed environmental, ecological, and socio-
economic considerations. As natural resource man-
agers increasingly move toward ecosystem-based 
approaches and social-ecological-systems frame-
works, metrics of human well-being and cultural 
ecosystem services will be necessary to determine 
the success of management interventions (Leong 
et al., 2019). 

Recent Atlantis ecosystem model studies, including 
the Guam Atlantis model (Weijerman et al., 2015), 
have introduced conceptual models to understand 
the human dimensions of OA scenarios in the 
context of fisheries and marine tourism. However, 

the parameterization of economic impact models 
and social indicators to understand how OA could 
affect the vulnerability of natural resource-reliant 
industries and communities requires further 
advancements. NOAA has developed an initial 
framework for assessing community vulnerability 
for the Pacific Islands region (Kleiber et al., 2018). 
Ongoing work will focus on improving upon and 
applying this suite of Community Social Vulnerability 
Indicators to consider OA impacts on fishing 
community engagement and reliance. 

 
A diver enjoys the vibrant reefs of the U.S. Pacific Islands. Credit: 
NOAA

A key challenge in addressing future OA will be 
securing financial and political investments to de-
velop effective adaptive strategies and solutions. 
Foundational studies, including work NOAA has 
conducted as part of the socioeconomic monitor-
ing component of NCRMP, have documented base-
lines for community understanding and awareness 
of the threat of OA across the Pacific Islands region 
(Gorstein et al., 2019, 2018a,b; Levine et al., 2016; 
Madge et al., 2016). Future studies will be critical 
to document trends in public awareness and per-
ceptions to inform future planning and investment 
in local adaptation strategies. It is also imperative 
to prioritize development of effective science com-
munication techniques and applications to describe 
potential OA impacts to environmental, biological, 
economic, and social systems. NOAA should pur-
sue efforts to create visualization products and 
education and outreach resources in collaboration 
with NCRMP, local jurisdictions, and other partners 
that target diverse stakeholders to promote under-
standing and awareness of OA.
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Research Objective 6.7: Assess direct 
and indirect impacts of OA on Pacific 
communities
Coupling environmental and ecological dynam-
ics (Research Objective 6.4) with human-use sec-
tors and non-use values in ecosystem models will 
support assessment of OA impacts on marine re-
source-reliant industries and communities, includ-
ing impacts to human well-being and ecosystem 
services. 

Action 6.7.1: Identify the relationships of key social, 
cultural, and economic drivers to biophysical, fish-
ery, and ecosystem parameters to predict potential 
responses from future OA scenarios.

Action 6.7.2: Create regional economic impact 
and behavioral models for marine resource-reliant 
industries to inform consideration of benefits and 
costs of alternative management strategies to miti-
gate impacts from OA.

Action 6.7.3: Develop management objectives relat-
ed to human-use sectors, non-use values, ecosys-
tem services, and well-being, and derive indicators 
to monitor effectiveness.

Research Objective 6.8: Characterize 
community awareness and resilience to OA 
Integrated assessments of trends in biological con-
ditions, social perceptions, and community vulnera-
bilities are necessary to develop effective manage-
ment strategies in Pacific Island communities.

Action 6.8.1: Monitor trends in community aware-
ness and perceptions of OA impacts and participa-
tion in stewardship activities across diverse stake-
holders and make efforts to link with environmental 
(Research Objective 6.2) and biological sensitivity 
(Research Objective 6.3) trends to understand areas 
of coherence.

Action 6.8.2: Couple analyses of biological sensitiv-
ity (Research Objective 6.4) with social vulnerability 
and adaptive capacity frameworks to inform local 
community mitigation planning and management.

Research Objective 6.9: Develop innovative 
OA science communication products for 
diverse stakeholders 
Investments in OA adaptation and management 
strategies will require effective dissemination of the 
potential changes, threats, and impacts from future 
OA scenarios on environmental, biological, econom-
ic, and social systems.  

Action 6.9.1: Pursue efforts to create visualization 
products and education and outreach resources 
targeting diverse stakeholders to communicate 
scientific findings and promote understanding and 
awareness of OA processes and potential impacts.



NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  109

[INTRO] = Introduction; 

[NAT] = National Ocean & Great Lakes; 

[OO] = Open Ocean Region; 

[AK] = Alaska Region; 

[ARC] = Arctic Region; 

[WC] = West Coast Region; 

[PAC] = U.S. Pacific Islands Region; 

[SAG] = Southeast Atlantic & Gulf of Mexico Region; 

[FLC] = Florida Keys and Caribbean Region; 

[MAB] = Mid-Atlantic Bight Region; 

[NE] = New England Region; 

[GL] = Great Lakes Region

Aguilera, S. E., Cole, J., Finkbeiner, E. M., Le Cor-
nu, E., Ban, N. C., Carr, M. H., et al. (2015). 
Managing small-scale commercial fisheries 
for adaptive capacity: insights from dynamic 
social-ecological drivers of change in Monterey 
Bay. PLoS ONE, 10(3), e0118992. https://doi.
org/10.1371/journal.pone.0118992 [WC]

Ainsworth, C. H., Samhouri, J. F., Busch, D. S., 
Chueng, W. W. L., Dunne, J., & Okey, T. A. 
(2011). Potential impacts of climate change 
on northeast Pacific marine fisheries and food 
webs. ICES Journal of Marine Science, 68(6), 
1217–1229. [WC]

Alin, S., Brainard, R., Price, N., Newton, J., Cohen, A., 
Peterson, W., et al. (2015). Characterizing the 
natural system: Toward sustained, integrated 
coastal ocean acidification observing networks 
to facilitate resource management and deci-
sion support. Oceanography, 28(2), 92–107. 
[WC]

Alvarez-Filip, L., Dulvy, N. K., Gill, J. A., Cote, I. M., & 
Watkinson, A. R. (2009). Flattening of Caribbe-
an coral reefs: region-wide declines in archi-
tectural complexity. Proceedings of the Royal 
Society B, 276(1669), 3019–3025. https://doi.
org/10.1098/rspb.2009.0339 [FLC]

AMAP (2013). AMAP Assessment 2013: Arctic 
Ocean Acidification. Oslo, Norway: Arctic Mon-
itoring and Assessment Programme (AMAP). 
99 pp. [ARC]

AMAP (2018). AMAP Assessment 2018: Arctic 
Ocean Acidification. Tromsø, Norway: Arc-
tic Monitoring and Assessment Programme 
(AMAP), 187 pp. [ARC]

American Sportfishing Association (2013). 
American Sportfishing in America: An Eco-
nomic Force for Conservation, Alexandria, 
VA. Retrieved from http://asafishing.org/up-
loads/2011_ASASportfishing_in_America_Re-
port_January_2013.pdf [GL]

Anderson, D. M., Hoagland, P., Kaoru, Y., & White, A. 
W. (2000). Estimated annual economic im-
pacts from harmful algal blooms (HABs) in the 
United States. (No. WHOI-2000-11). Norman, 
OK: National Oceanic and Atmospheric Admin-
istration, National Severe Storms Laboratory. 
[SAG]

Anderson, L. G., Tanhua, T., Björk, G., Hjalmarsson, 
S., Jones, E. P., Jutterström, S., et al.. (2010). 
Arctic ocean shelf-basin interaction: An active 
continental shelf CO2 pump and its impact on 
the degree of calcium carbon solubility. Deep 
Sea Research Part I, 57(7), 869–879. https://
doi.org/10.1016/j.dsr.2010.03.012. [ARC]

Azetsu-Scott, K., Clarke, A., Falkner, K., Hamilton, 
J., Jones, E. P., Lee, C., et al. (2010). Calcium 
carbonate saturation states in the waters 
of the Canadian Arctic Archipelago and the 
Labrador Sea. Journal of Geophysical Re-
search, 115, C11021. https://doi.org/10.1029/
2009JC005917 [ARC]

Barange, M., Merino, G., Blanchard, J. L., Scholtens, 
J., Harle, J., Allison, E. A., et al. (2014). Im-
pacts of climate change on marine ecosystem 
production in societies dependent on fisheries. 
Nature Climate Change, 4, 211–216. https://doi.
org/10.1038/NCLIMATE2119 [AK]

Barange, M., Bahri, T., Beveridge, M. C. M., Co-
chrane, K. L., Funge-Smith, S., & Poulain, F. 
(Eds.) (2018). Impacts of climate change on 
fisheries and aquaculture: Synthesis of current 
knowledge, adaptation and mitigation options. 
FAO Fisheries and Aquaculture Technical Paper, 

References

https://doi.org/10.1098/rspb.2009.0339
https://doi.org/10.1098/rspb.2009.0339


NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  110

627. Rome, Italy: Food and Agricultural Organi-
zation of the United Nations, 628 pp. [AK]

Bargu, S., White, J. R., Li, C., Czubakowski, J., & Ful-
weiler, R. W. (2011). Effects of freshwater input 
on nutrient loading, phytoplankton biomass, 
and cyanotoxin production in an oligohaline 
estuarine lake. Hydrobiologia, 661(1), 377–389. 
https://doi.org/10.1007/s10750-010-0545-8 
[SAG]

Barkley, H. C., Cohen, A. L., Golbuu, Y., Starczak, 
V. R., DeCarlo, T. M., & Shamberger, K. E. 
(2015). Changes in coral reef communities 
across a natural gradient in seawater pH. 
Science Advances, 1(5), e1500328. https://doi.
org/10.1126/sciadv.1500328 [INTRO]

Barton, A., Hales, B., Waldbusser, G. G., Langdon, 
C., & Feely, R.A. (2012). The Pacific oyster, 
Crassostrea gigas, shows negative correlation 
to naturally elevated carbon dioxide levels: 
Implications for near-term ocean acidifi-
cation effects. Limnology and Oceanogra-
phy, 57, 698–710. https://doi.org/10.4319/
lo.2012.57.3.0698 [WC]

Barton, A., Waldbusser, G. G., Feely, R. A., Weisberg, 
S. B., Newton, J. A., Hales, B., et al. (2015). 
Impacts of coastal acidification on the Pa-
cific Northwest shellfish industry and adap-
tation strategies implemented in response. 
Oceanography, 28(2), 146–159. https://doi.
org/10.5670/oceanog.2015.38 [WC]

Bates, N. R. (2015). Assessing ocean acidification 
variability in the Pacific-Arctic Region as part 
of the Russian-American Long-term Census 
of the Arctic (RUSALCA). Oceanography, 
28(3), 36–45. https://doi.org/10.5670/ocean-
og.2015.56 [ARC]

Bates, N. R., & Mathis, J. T. (2009). The Arctic 
Ocean marine carbon cycle: Evaluation of 
air-sea CO2 exchanges, ocean acidification 
impacts, and potential feedbacks. Biogeosci-
ences, 6, 2433–2459. https://doi.org/10.5194/
bg-6-2433-2009 [ARC]

Bates, N. R., Cai, W.-J., & Mathis, J. T. (2011). The 
ocean carbon cycle in the western Arctic 
Ocean: Distributions and air-sea fluxes of 
carbon dioxide. Oceanography, 34(3), 186–201. 
[ARC]

Bates, N. R., Astor, Y. M., Church, M. J., Currie, K., 
Dore, J. E., González-Dávila, M., et al. (2014a). 
A time-series view of changing ocean chem-
istry due to ocean uptake of anthropogenic 

CO2 and ocean acidification. Oceanography, 
27, 126–141. https://doi.org/10.5670/ocean-
og.2014.16 [OO][PAC]

Bates, N. R., Garley, R., Frey, K. E., Shake, K. L., & 
Mathis, J. T. (2014b). Sea-ice melt CO2-car-
bonate chemistry in the western Arctic Ocean: 
meltwater contributions to air-sea CO2 gas 
exchange, mixed-layer properties, and rates 
of net community production under sea ice. 
Biogeosciences, 11, 6769–6789. https://doi.
org/10.5194/bg-11-6769-2014 [ARC]

Bauer, M., Hoagland, P., Leschine, T. M., Blount, B. 
G., Pomeroy, C. M., Lampl, L. L., et al. (2010). 
The importance of human dimensions re-
search in managing harmful algal blooms. 
Frontiers in Ecology and the Environment, 8(2), 
75–83. https://doi.org/10.1890/070181 [GL]

Baumann, H. (2019). Experimental assessments of 
marine species sensitivities to ocean acidifica-
tion and co-stressors: How far have we come? 
Canadian Journal of Zoology, 97(5), 399–408. 
https://doi.org/10.1139/cjz-2018-0198 [NE]

Baumann, H., Talmage, S. C., & Gobler, C. J. (2012). 
Reduced early life growth and survival in a fish 
in direct response to increased carbon dioxide. 
Nature Climate Change, 2(1), 38–41. https://
doi.org/10.1038/nclimate1291 [NE]

Beare, D., McQuatters-Gollop, A., van der Hammen, 
T., Machiels, M., Teoh, S. J., & Hall-Spencer, 
J. M. (2013). Long-term trends in calcifying 
plankton and pH in the North Sea. PLoS ONE, 
8, e61175. https://doi.org/10.1371/journal.
pone.0061175 [INTRO]

Bednaršek, N., & Ohman, M. (2015). Changes in 
pteropod distributions and shell dissolution 
across a frontal system in the California 
Current System. Marine Ecology Progress 
Series, 523, 93–103. https://doi.org/10.3354/
meps11199 [WC]

Bednaršek, N., Feely, R. A., Reum, J. C. P., Peterson, 
B., Menkel, J., Alin, S. R., & Hales, B. (2014). 
Limacina helicina shell dissolution as an 
indicator of declining habitat suitability owing 
to ocean acidification in the California Current 
Ecosystem. Proceedings of the Royal Society 
B: Biological Sciences, 281(1785), 20140123. 
https://doi.org/10.1098/rspb.2014.0123 [OO]
[WC]

Bednaršek, N., Harvey, C. J., Kaplan, I. C., Feely, 
R. A., & Možina, J. (2016). Pteropods on the 
edge: Cumulative effects of ocean acidifica-

https://doi.org/10.1890/070181


NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  111

tion, warming, and deoxygenation. Progress 
in Oceanography, 145, 1–24. https://doi.
org/10.1016/j.pocean.2016.04.002 [WC]

Bednaršek, N., Feely, R. A., Tolimieri, N., Hermann, 
A. J., Siedlecki, S. A., Waldbusser, G. G., et al. 
(2017a). Exposure history determines pteropod 
vulnerability to ocean acidification along the 
US West Coast. Scientific Reports, 7(1), 4526. 
https://doi.org/10.1038/s41598-017-03934-z 
[OO][WC]

Bednaršek, N., Klinger, T., Harvey, C. J., Weisberg, 
S., McCabe, R. M., Feely, R. A., et al. (2017b). 
New ocean, new needs: Application of ptero-
pod shell dissolution as a biological indicator 
for marine resource management. Ecological 
Indicators, 76, 240–244. [INTRO][WC] 

Bednaršek, N., Feely, R. A., Beck, M. W., Glippa, 
O., Kanerva, M., & Engström-Öst, J. (2018). El 
Niño-related thermal stress coupled with up-
welling-related ocean acidification negatively 
impacts cellular to population-level responses 
in pteropods along the California Current Sys-
tem with implications for increased bioener-
getic costs. Frontiers in Marine Science, 5, 486. 
https://doi.org/10.3389/fmars.2018.00486 
[OO][WC]

Bednaršek, N., Feely, R. A., Howes, E. L., Hunt, B. P. 
V., Kessouri, F., León, P., et al. (2019). Systemat-
ic review and meta-analysis toward synthesis 
of thresholds of ocean acidification impacts 
on calcifying pteropods and interactions with 
warming. Frontiers in Marine Science, 6, 227. 
https://doi.org/10.3389/fmars.2019.00227 
[WC]

Bednaršek, N., Feely, R. A., Beck, M. W., Alin, S. R., 
Siedlecki, S. A., Calosi, P., et al. (2020). Exo-
skeleton dissolution with mechanoreceptor 
damage in larval Dungeness crab related to 
severity of present-day ocean acidification 
vertical gradients. Science of the Total Environ-
ment, 716, 136610. https://doi.org/10.1016/j.
scitotenv.2020.136610 [WC]

Bednaršek, N., Carter, B. R., McCabe, R. M., Feely, 
R. A., Chavez, F. P., Elliott, M., et al. (in review). 
Rapid and persistent pelagic gastropods 
collapse due to extreme climatic events and 
ocean acidification. Submitted to Nature Com-
munications. [OO]

Beletsky, D., & Schwab, D. (2008). Climatological 
circulation in Lake Michigan. Geophysical 
Research Letters, 35(21), L21604. https://doi.
org/10.1029/2008GL035773 [GL]

Bennett, N. J. (2019). Marine social science for 
the peopled seas. Coastal Management, 47(2), 
244–253. https://doi.org/10.1080/08920753.2
019.1564958 [PAC]

Bennett, N. J., Blythe, J., Tyler, S., & Ban, N. C. 
(2016). Communities and change in the anthro-
pocene: Understanding social-ecological vul-
nerability and planning adaptations to multiple 
interacting exposures. Regional Environmental 
Change, 16(4), 907–926. [WC]

Bennington, V., McKinley, G. A., Kimura, N., & Wu, 
C. H. (2010). General circulation of Lake 
Superior: Mean, variability, and trends from 
1979 to 2006. Journal of Geophysical Re-
search: Oceans, 115(C12), C12015. https://doi.
org/10.1029/2010JC006261 [GL]

Bennington, V., McKinley, G. A., Urban, N. R., & 
McDonald, C. P. (2012). Can spatial heteroge-
neity explain the perceived imbalance in Lake 
Superior’s carbon budget? A model study. 
Journal of Geophysical Research: Biogeoscienc-
es, 117(G3), G03020. https://doi.org/10.1029/
2011JG001895 [GL]

Benthuysen, J., Thomas, L. N., & Lentz, S. J. (2015). 
Rapid generation of upwelling at a shelf break 
caused by buoyancy shutdown. Journal of 
Physical Oceanography, 45(1), 294–312. [MAB]

Bercel, T. L., & Kranz, S. A. (2019). Insights into car-
bon acquisition and photosynthesis in Karenia 
brevis under a range of CO2 concentrations. 
Progress in Oceanography, 172, 65–76. https://
doi.org/10.1016/j.pocean.2019.01.011 [SAG]

Berman, M., & Schmidt, J. I. (2019). Economic 
effects of climate change in Alaska. Weather, 
Climate, and Society, 11, 245–258. https://doi.
org/10.1175/WCAS-D-18-0056.1 [ARC]

Bignami, S., Enochs, I. C., Manzello, D. P., Sponau-
gle, S., & Cowen, R. K. (2013). Ocean acidifi-
cation alters the otoliths of a pantropical fish 
species with implications for sensory function. 
Proceedings of the National Academy of Sci-
ences USA, 110(18), 7366–7370. https://doi.
org/10.1073/pnas.1301365110 [FLC]

Bishop, R. C., Chapman, D. J., Kanninen, B. J., Kros-
nick, J. A., Leeworthy, B., & Meade, N. F. (2011). 
Total economic value for protecting and restor-
ing Hawaiian coral reef ecosystems: Final re-
port. NOAA Technical Memorandum CRCP 16. 
NOAA Office of National Marine Sanctuaries, 
Office of Response and Restoration, and Coral 
Reef Conservation Program. 406 pp. [PAC]



NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  112

Bluhm, B. A., Iken, K., Mincks, S. L., Sirneko, B. I., 
& Holladay, B. A. (2009). Community struc-
ture of epibenthic megafauna in the Chukchi 
Sea. Aquatic Biology, 7, 269–293. https://doi.
org/10.3354/ab00198 [ARC]

Boehme, S. E., Sabine, C. L., & Reimers, C. E. 
(1998). CO2 fluxes from a coastal transect: A 
time-series approach. Marine Chemistry, 63(1-
2), 49–67. [MAB]

Boulais, M., Chenevert, K. J., Demey, A. T., Darrow, 
E. S., Robison, M. R., Roberts, J. P., & Volety, A. 
(2017). Oyster reproduction is compromised by 
acidification experienced seasonally in coastal 
regions. Scientific Reports, 7(1), 13276. https://
doi.org/10.1038/s41598-017-13480-3 [MAB]

Boyd, P. W., Claustre, H., Levy, M., Siegel, D. A., & 
Weber, T. (2019). Multi-faceted particle pumps 
drive carbon sequestration in the ocean. Na-
ture, 568, 327–335. https://doi.org/10.1038/
s41586-019-1098-2 [OO]

Brainard, R. E., Oliver, T., McPhaden, M. J., Cohen, 
A., Venegas, R., Heenan, A., et al. (2018). Eco-
logical impacts of the 2015/16 El Niño in the 
central equatorial Pacific. Bulletin of the Amer-
ican Meteorological Society, 99(1), S21–S26. 
https://doi.org/10.1175/BAMS-D-17-0128.1 
[PAC]

Brander, L., & van Beukering, P. (2013). The Total 
Economic Value of US Coral Reefs: A Review of 
the Literature. Silver Spring, MD: NOAA Coral 
Reef Conservation Program, N/OCRM. [PAC]

Breitburg, D. L., Salisbury, J., Bernhard, J. M., Cai, 
W.-J., Dupont, S., Doney, S. C., et al. (2015). And 
on top of all that… Coping with ocean acidifi-
cation in the midst of many stressors. Ocean-
ography, 28, 48–61. https://doi.org/10.5670/
oceanog.2015.31 [AK][ARC]

Breslow, S. J., Sojka, B., Barnea, R., Basurto, X., 
Carothers, C., Charnley, S., et al. (2016). 
Conceptualizing and operationalizing human 
wellbeing for ecosystem assessment and 
management. Environmental Science & Policy, 
66, 250–259. https://doi.org/10.1016/j.envs-
ci.2016.06.023 [WC]

Bresnahan, P. J., Martz, T. R., Takeshita, Y., Johnson, 
K. S., & LaShomb, M. (2014). Best practices 
for autonomous measurement of seawater pH 
with the Honeywell Durafet. Methods in Ocean-
ography, 9, 44–60. https://doi.org/10.1016/J.
MIO.2014.08.003 [WC]

Bricker, S. B., Longstaff, B., Dennison, W., Jones, A., 
Boicourt, K., Wicks, C., & Woerner, J. (2008). 
Effects of nutrient enrichment in the nation’s 
estuaries: A decade of change. Harmful Algae, 
8(1), 21–32. [MAB]

Brooke, S., Watts, M., Heil, A., Rhode, M., Mienis, F., 
Duineveld, G., et al. (2017). Distributions and 
habitat associations of deep-water corals in 
Norfolk and Baltimore Canyons, Mid-Atlantic 
Bight, USA. Deep Sea Research Part II: Topi-
cal Studies in Oceanography, 137, 131–147. 
https://doi.org/10.1016/j.dsr2.2016.05.008 
[MAB]

Buckler, D. R., Mehrle, P. M., Cleveland, L., & Dwyer, 
F. J. (1987). Influence of pH on the toxicity of 
aluminium and other inorganic contaminants 
to East Coast striped bass. Water, Air, and Soil 
Pollution, 35(1-2), 97–106. [GL]

Buitenhuis, E. T., Le Quéré, C., Bednaršek, N., & 
Schiebel, R. (2019). Large contribution of 
pteropods to shallow CaCO3 export. Global 
Biogeochemical Cycles, 33, 458–468. https://
doi.org/10.1029/2018GB006110 [OO]

Busch, D. S., & McElhany, P. (2016). Estimates of 
the direct effect of seawater pH on the survival 
rate of species groups in the California Cur-
rent Ecosystem. PLoS ONE, 11(8), e0160669. 
https://doi.org/10.1371/journal.pone.0160669 
[WC]

Busch, D. S., & McElhany, P. (2017). Using miner-
alogy and higher-level taxonomy as indicators 
of species sensitivity to pH: A case-study of 
Puget Sound. Elementa, 5, 53. https://doi.
org/10.1525/elementa.245 [WC]

Busch, D. S., Harvey, C. J., & McElhany, P. (2013). 
Potential impacts of ocean acidification on 
the Puget Sound food web. ICES Journal of 
Marine Science, 70(4), 823–833. https://doi.
org/10.1093/icesjms/fst061 [INTRO][WC]

Busch, D. S., Maher, M., Thibodeau, P., & McElhany, 
P. (2014). Shell condition and survival of Puget 
Sound pteropods are impaired by ocean acid-
ification conditions. PLoS ONE, 9(8), e105884. 
https://doi.org/10.1371/journal.pone.0105884 
[INTRO][WC]

Busch, D. S., Bennett-Mintz, J., Armstrong, C. T., 
Jewett, L., Gledhill, D., & Ombres, E. (2018). 
NOAA Ocean Acidification Program: Taking 
Stock and Looking Forward, A summary of 
the 2017 Principal Investigator’s Meeting. U.S. 
Department of Commerce, NOAA Technical 



NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  113

Memorandum OAR-OAP-1, 52 pp. [INTRO]

Bushinsky, S. M., Takeshita, Y., & Williams, N. L. 
(2019). Observing changes in ocean carbonate 
chemistry: Our autonomous future. Current 
Climate Change Reports, 5, 207–220. https://
doi.org/10.1007/s40641-019-00129-8 [OO]

Byrne, R. H., Mecking, S., Feely, R. A., & Liu, X. 
(2010). Direct observations of basin-wide acid-
ification of the North Pacific Ocean. Geophys-
ical Research Letters, 37, L02601. https://doi.
org/10.1029/2009GL040999 [OO]

CAFF (2013). Arctic Biodiversity Assessment. 
Status and Trends in Arctic Biodiversity. Con-
servation of Arctic Flora and Fauna, Akureyri. 
Retrieved from https://www.caff.is/assess-
ment-series/arctic-biodiversity-assessment 
[ARC]

Cai, W.-J., Hu, X., Huang, W.-J., Murrell, M. C., Leh-
rter, J. C., Lohrenz, S. E., et al. (2011). Acidifi-
cation of subsurface coastal waters enhanced 
by eutrophication. Nature Geoscience, 4(11), 
766–770. https://doi.org/10.1038/ngeo1297 
[SAG][MAB]

Caldeira, K., & Wickett, M. E. (2003). Anthropo-
genic carbon and ocean pH. Nature, 425, 365. 
[INTRO]

Calvo, L. (2018). New Jersey Shellfish Aquaculture 
Situation and Outlook Report 2016 Production 
Year, New Jersey Sea Grant Publication #18-
931. Retrieved (September 2019) from http://
njseagrant.org/new-jersey-shellfish-aquacul-
ture-situation-outlook-report-new/ [MAB]

Carmack, E. C., Yamamoto-Kawai, M., Haine, T. 
W. N., Baron, S., Bluhm, B. A., Lique, C., et al. 
(2016). Freshwater and its role in the Arctic 
Marine System: Sources, disposition, stor-
age, export, and physical and biogeochem-
ical consequences in the Arctic and global 
oceans. Journal of Geophysical Research–Bio-
geosciences, 121(3), 675–717. https://doi.
org/10.1002/2015JG003140 [ARC]

Caron, D. A., & Hutchins, D. A. (2012). The effects 
of changing climate on microzooplankton 
grazing and community structure: Drivers, 
predictions and knowledge gaps. Journal of 
Plankton Research, 35(2), 235–252. https://doi.
org/10.1093/plankt/fbs091 [SAG]

Carter, B. R., Frölicher, T. L., Dunne, J. P., Rodgers, K. 
B., Slater, R. D., & Sarmiento, J. L. (2016). When 
can ocean acidification impacts be detected 

from decadal alkalinity measurements?, Global 
Biogeochemical Cycles, 30, 595–612. https://
doi.org/10.1002/2015GB005308 [OO]

Carter, B. R., Feely, R. A., Mecking, S., Cross, J. 
N., Macdonald, A. M., Siedlecki, S. A., et al. 
(2017). Two decades of Pacific anthropogenic 
carbon storage and OA along Global Ocean 
Ship-based Hydrographic Investigations 
Program sections P16 and P02. Global Biogeo-
chemical Cycles, 31(2), 306–327. https://doi.
org/10.1002/2016GB005485 [OO][AK]

Carter, B. R., Feely, R. A., Wanninkhof, R., Kouket-
su, S., Sonnerup, R. E., Pardo, P. C., et al. 
(2019a). Pacific anthropogenic carbon be-
tween 1991 and 2017. Global Biogeochem-
ical Cycles, 33(5), 597–617. https://doi.
org/10.1029/2018GB006154 [OO][WC] [AK]

Carter, B. R., Williams, N. L., Evans, W., Fassbend-
er, A. J., Barbero, L., Hauri, C., et al. (2019b). 
Time of detection as a metric for prioritizing 
between climate observation quality, fre-
quency, and duration. Geophysical Research 
Letters, 46(7), 3853–3861. https://doi.
org/10.1029/2018GL080773 [WC]

Chambers, R. C., Candelmo, A., Habeck, E., Poach, 
M., Wieczorek, D., Cooper, K., et al. (2014). 
Effects of elevated CO2 in the early life stages 
of summer flounder, Paralichthys dentatus, and 
potential consequences of ocean acidification. 
Biogeosciences, 11(6), 1613–1626. [MAB][NE]

Chan, F., Barth, J. A., Blanchette, C. A., Byrne, R. H., 
Chavez, F., Cheriton, O., et al. (2017). Persistent 
spatial structuring of coastal ocean acidifica-
tion in the California Current System. Scientific 
Reports, 7, 2526. https://doi.org/10.1038/
s41598-017-02777-y [WC]

Chapra, S. C., Dove, A., & Warren, G. J. (2012). 
Long-term trends of Great Lakes major ion 
chemistry. Journal of Great Lakes Research, 
38(3), 550–560. [GL]

Chavez, F. P., Pennington, J. T., Michisaki, R. P., 
Blum, M., Chavez, G. M., Friederich, J., et 
al. (2017) Climate variability and change: 
Response of a coastal ocean ecosystem. 
Oceanography, 30(4),128–145. https://doi.
org/10.5670/oceanog.2017.429 [WC]

Chen, C.-T. A., Wei, C.-L., & Rodman, M. R. (1985). 
Carbonate chemistry of the Bering Sea. Report 
no. DOE/EV/10611-5; Contract no.: DOE-AT06-
81EV10611. Washington, D.C:.U.S. Department 
of Energy, Office of Energy Research, Office of 



NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  114

Basic Energy Sciences, Carbon Dioxide Re-
search Division. [ARC]

Chen, S., Hu, C., Barnes, B. B., Wanninkhof, R., Cai, 
W.-J., Barbero, L., & Pierrot, D. (2019). A ma-
chine learning approach to estimate surface 
ocean pCO2 from satellite measurements. 
Remote Sensing of Environment, 228, 203–226. 
https://doi.org/10.1016/j.rse.2019.04.019 
[SAG]

Chesapeake Bay Foundation (2020). The State 
of the Bay’s Oyster Fishery. Retrieved from 
https://www.cbf.org/issues/fisheries/the-state-
of-todays-oyster-fishery.html. [MAB]

CITES (2003). Progress on the implementation of 
the review of significant trade (phases IV and 
V). Report to the Nineteenth Meetings of the 
CITES Animals Committee. AC19 Doc. 8.3. 
Convention on International Trade in Endan-
gered Species [FLC]

Clark, H. R., & Gobler, C. J. (2016). Diurnal fluctu-
ations in CO2 and dissolved oxygen concen-
trations do not provide a refuge from hypoxia 
and acidification for early-life-stage bivalves. 
Marine Ecology Progress Series, 558, 1–14. 
https://doi.org/10.3354/meps11852 [MAB]

Claudi, R., Graves, A., Taraborelli, A. C., Prescott, R. 
J., & Mastitsky, S. E. (2012). Impact of pH on 
survival and settlement of dreissenid mussels. 
Aquatic Invasions, 7(2), 21–28. https://doi.
org/10.3391/ai.2012.7.1.003 [GL]

Clements, J. C., & Chopin, T. (2017). Ocean acidifi-
cation and marine aquaculture in North Ameri-
ca: Potential impacts and mitigation strategies. 
Reviews in Aquaculture, 9(4), 326–341. [MAB]
[NE]

Clements, J. C., & Hunt, H. L. (2014). Influence 
of sediment acidification and water flow on 
sediment acceptance and dispersal of juvenile 
soft-shell clams (Mya arenaria L.). Journal of 
Experimental Marine Biology and Ecology, 453, 
62–69. [MAB][NE]

Clements, J. C., & Hunt, H. L. (2015). Marine animal 
behaviour in a high CO2 ocean. Marine Ecology 
Progress Series, 536, 259–279. https://doi.
org/10.3354/meps11426 [AK]

Clements, J. C., & Hunt, H. L. (2018). Testing for 
sediment acidification effects on within-sea-
son variability in juvenile soft-shell clam (Mya 
arenaria) abundance on the northern shore of 
the Bay of Fundy. Estuaries and Coasts, 41(2), 

471–483. [INTRO][NE]

Coffey, W. D., Nardone, J. A., Yarram, A., Long, W. 
C., Swiney, K. M., Foy, R. J., & Dickinson, G. H. 
(2017). Ocean acidification leads to altered 
micromechanical properties of the mineral-
ized cuticle in juvenile red and blue king crabs. 
Journal of Experimental Marine Biology and 
Ecology, 495, 1–12. https://doi.org/10.1016/j.
jembe.2017.05.011 [AK]

Colburn, L. L., Jepson, M., Weng, C., Seara, T., 
Weiss, J., & Hare, J. A. (2016). Indicators of cli-
mate change and social vulnerability in fishing 
dependent communities along the Eastern and 
Gulf Coasts of the United States. Marine Policy, 
74, 323–333. [NE]

Cooley, S. R., & Doney, S. C. (2009). Anticipating 
ocean acidification’s economic consequenc-
es for commercial fisheries. Environmental 
Research Letters, 4, 024007. https://doi.
org/10.1088/1748-9326/4/2/024007 [OO]
[PAC]

Cooley, S. R., Lucey, N., Kite-Powell, H. L., & Do-
ney, S. C. (2012). Nutrition and income from 
molluscs today imply vulnerability to ocean 
acidification tomorrow. Fish and Fisheries, 
13, 182–215. https://doi.org/10.1111/j.1467-
2979.2011.00424.x [OO]

Cooley, S. R., Rheuban, J., Hart, D., Luu, V., Glover, 
D., Hare, J., & Doney, S. (2015). An integrat-
ed assessment model for helping the United 
States sea scallop (Placopecten magellanicus) 
fishery plan ahead for ocean acidification and 
warming. PLoS ONE, 10(5), e0124145. https://
doi.org/10.1371/journal.pone.0124145 [NE]

Cooley, S. R, Ono, C. R., Melcer, S., & Roberson, 
J. (2016) Community-level actions that can 
address ocean acidification. Frontiers in Ma-
rine Science, 2, 128. https://doi.org/10.3389/
fmars.2015.00128 [OO]

Cooper, H. L., Potts, D. C., & Paytan, A. (2016). 
Effects of elevated pCO2 on the survival, 
growth, and moulting of the Pacific krill spe-
cies, Euphausia pacifica. ICES Journal of 
Marine Science, 74(4), 1005–1012. https://doi.
org/10.1093/icesjms/fsw021 [ARC]

Crane, K., & Ostrovskiy, A. (2015). Russian-Amer-
ican Long-Term Census of the Arctic: 
RUSALCA. Oceanography, 28(3), 18–23. 
https://doi.org/0.5670/oceanog.2015.54 [ARC]

Crook, E. D.,  Cohen, A. L., Rebolledo-Vieyra, M., 

https://doi.org/10.1371/journal.pone.0124145


NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  115

Hernandez, L., & Paytan, A. (2013). Reduced 
calcification and lack of acclimatization by cor-
al colonies growing in areas of persistent nat-
ural acidification. Proceedings of the National 
Academy of Sciences USA, 110, 11044–11049. 
https://doi.org/10.1073/pnas.1301589110 
[FLC]

Cross, J. N., Mathis, J. T., Bates, N. R., & Byrne, R. 
H. (2013). Conservative and non-conservative 
variations of total alkalinity on the south-
eastern Bering Sea shelf. Marine Chemistry, 
154, 100–112. https://doi.org/10.1016/j.
marchem.2013.05.012 [AK]

Cross, J. N., Mathis, J. T., Lomas, M. W., Moran, S. 
B., Baumann, M. S., Shull, D. H., et al. (2014). 
Integrated assessment of the carbon budget 
in the southeastern Bering Sea. Deep Sea 
Research Part II, 109, 112–124, https://doi.
org/10.1016/j.dsr2.2014.03.003 [AK]

Cross, J. N., Mordy, C. W., Tabisola, H. M., Mein-
ig, C., Cokelet, E. D., & Stabeno, P. J. (2016). 
Innovative technology development for 
Arctic Exploration. Oceans 2015, MTS-IEEE 
Washington, D.C. https://doi.org/10.23919/
OCEANS.2015.7404632 [ARC]

Cross, J. N., Mathis, J. T., Pickart, R. S., & Bates, N. 
R. (2018). Formation and transport of corro-
sive water in the Pacific Arctic region. Deep-
Sea Research Part II, 152, 67–81. https://doi.
org/10.1016/j.dsr2.2018.05.020 [ARC]

Cyronak, T., Santos, I. R., & Eyre, B. D. (2013). Per-
meable coral reef sediment dissolution driven 
by elevated pCO2 and pore water advection. 
Geophysical Research Letters, 40(18), 4876–
4881. https://doi.org/10.1002/grl.50948 [FLC]

Cyronak, T., Andersson, A. J., Langdon, C., Albright, 
R., Bates, N. R., Caldeira, K., et al. (2018). 
Taking the metabolic pulse of the world’s coral 
reefs. PLoS ONE, 13(1), e0190872. https://doi.
org/10.1371/journal.pone.0190872 [FLC]

Darnis, G., Barber, D. G., & Fortier, L. (2008). Sea ice 
and the onshore-offshore gradient in pre-win-
ter zooplankton assemblages in southeastern 
Beaufort Sea. Journal of Marine Systems, 
74(3-4), 994–1011. https://doi.org/10.1016/j.
jmarsys.2007.09.003 [ARC]

Davis, C. V., Rivest, E. B., Hill, T. M., Gaylord, B., 
Russell, A. D., & Sanford, E. (2017). Ocean acid-
ification compromises a planktic calcifier with 
implications for global carbon cycling. Scientif-
ic Reports, 7(1), 2225. https://doi.org/10.1038/

s41598-017-01530-9 [WC]

DeCarlo, T. M., Cohen, A. L., Barkley, H. C., Cobban, 
Q., Young, C., Shamberger, K. E., et al. (2015). 
Coral macrobioerosion is accelerated by OA 
and nutrients. Geology, 43(1), 7–10. https://doi.
org/10.1130/G36147.1 [PAC]

de Moel, H., Ganssen, G. M., Peeters, F. J. C., Jung, 
S. J. A., Kroon, D., Brummer, G. J. A., & Zeebe, 
R. E. (2009). Planktic foraminiferal shell thin-
ning in the Arabian Sea due to anthropogenic 
ocean acidification? Biogeosciences, 6, 1917–
1925. [INTRO]

Dery, A., Collard, M., & Dubois, P. (2017). Ocean 
acidification reduces spine mechanical 
strength in euechinoid but not in cidaroid sea 
urchins. Environmental Science & Technology, 
51(7), 3640–3648. https://doi.org/10.1021/
acs.est.6b05138 [FLC]

De Stasio, B. T., Hill, D. K., Kleinhans, J. M., Nibbe-
link, N. P., & Magnuson, J. J. (1996). Potential 
effects of global climate change on small 
north‐temperate lakes: Physics, fish, and 
plankton. Limnology and Oceanography, 41(5), 
1136–1149. [GL]

DeVries, T. (2014). The oceanic anthropogenic 
CO2 sink: Storage, air-sea fluxes, and trans-
ports over the industrial era. Global Biogeo-
chemical Cycles, 28, 631–647. https://doi.
org/10.1002/2013GB004739 [OO]

DeVries, T., Holzer, M., & Primeau, F. (2017). Re-
cent increase in oceanic carbon uptake driven 
by weaker upper-ocean overturning. Nature, 
542(7640), 215–218. https://doi.org/10.1038/
nature21068 [OO]

De Wit, P., Dupont, S., & Thor, P. (2016). Selection 
on oxidative phosphorylation and ribosomal 
structure as a multigenerational response to 
ocean acidification in the common copepod 
Pseudocalanus acuspes. Evolutionary Applica-
tions, 9, 1112–1123. https://doi.org/10.1111/
eva.12335 [ARC]

Di Lorenzo, E., & Mantua, N. (2016). Multi-year per-
sistence of the 2014/15 North Pacific marine 
heatwave. Nature Climate Change, 6, 1042–
1047. https://doi.org/10.1038/nclimate3082 
[OO]

Dixon, G. B., Davies, S. W., Aglyamova, G. V., Meyer, 
E., Bay, L. K., & Matz, M. V. (2015). Genomic 
determinants of coral heat tolerance across 
latitudes. Science, 348(6242), 1460–1462. 

https://doi.org/10.1016/j.marchem.2013.05.012
https://doi.org/10.1016/j.marchem.2013.05.012
https://doi.org/10.1016/j.dsr2.2014.03.003
https://doi.org/10.1016/j.dsr2.2014.03.003


NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  116

https://doi.org/10.1126/science.1261224 [FLC]

Dore, J. E., Lukas, R., Sadler, D. W., Church, M. J., & 
Karl, D. M. (2009). Physical and biogeochem-
ical modulation of ocean acidification in the 
central North Pacific. Proceedings of the Na-
tional Academy of Sciences of the United States 
of America, 106(30), 12235–12240. https://doi.
org/10.1073/pnas.0906044106 [PAC]

Duarte, C. M., Hendriks, I. E., Moore, T. S., Olsen, Y. 
S., & Steckbauer, A.. (2013). Is ocean acidifi-
cation an open-ocean syndrome? Understand-
ing anthropogenic impacts on seawater pH. 
Estuaries and Coasts, 36, 221–236. https://doi.
org/10.1007/s12237-013-9594-3 [FLC]

Dubik, B. A., Clark, E. C., Young, T., Zigler, S. B. 
J., Provost, M. M., Pinsky, M. L., & Martin, K. 
S. (2019). Governing fisheries in the face of 
change: Social responses to long-term geo-
graphic shifts in a US fishery. Marine Policy, 99, 
243–251. [MAB]

Duncan, B. E., Higgason, K. D., Suchanek, T. H., 
Largier, J., Stachowicz, J., Allen, S., et al. 
(2014). Ocean Climate Indicators: A Monitoring 
Inventory and Plan for Tracking Climate Change 
in the North-central California Coast and Ocean 
Region. Report of a Working Group of the Gulf 
of the Farallones National Marine Sanctuary 
Advisory Council. Marine Sanctuaries Conser-
vation Series ONMS-14-09. Silver Spring, MD: 
U.S. Department of Commerce, National Oce-
anic and Atmospheric Administration, Office of 
National Marine Sanctuaries. 81 pp. [WC]

Dunne, J. P., John, J. G., Adcroft, A. J., Griffies, 
S. M., Hallberg, R. W., Shevliakova, E., et al. 
(2012a). GFDL’s ESM2 global coupled climate–
carbon earth system models. Part I: Physical 
formulation and baseline simulation character-
istics. Journal of Climate, 25(19), 6646–6665. 
https://doi.org/10.1175/JCLI-D-11-00560.1 
[OO]

Dunne, J. P., Hales, B., & Toggweiler, J. R. (2012b). 
Global calcite cycling constrained by sedi-
ment preservation controls. Global Biogeo-
chemical Cycles, 26(3), GB3023. https://doi.
org/10.1029/2010GB003935 [OO]

Dunne, J. P., John, J. G., Shevliakova, E., Stouffer, R. 
J., Krasting, J. P., Malyshev, S. L., et al. (2013). 
GFDL’s ESM2 global coupled climate–carbon 
earth system models. Part II: Carbon system 
formulation and baseline simulation character-
istics. Journal of Climate, 26(7), 2247–2267. 
https://doi.org/10.1175/JCLI-D-12-00150.1 

[OO] 

Edwards, P. E. T. (Ed.) (2013). Summary Report: 
The Economic Value of U.S. Coral Reefs. Silver 
Spring, MD: NOAA Coral Reef Conservation 
Program. 28 pp. [NAT]

Ekstrom, J. A., Suatoni, L., Cooley, S. R., Pendle-
ton, L. H., Waldbusser, G. G., Cinner, J. E., et 
al. (2015). Vulnerability and adaptation of US 
shellfisheries to ocean acidification. Nature 
Climate Change, 5, 207–214. https://doi.
org/10.1038/nclimate2508 [SAG][MAB][NE]

Engström-Öst, J., Glippa, O., Feely, R. A., Kaner-
va, M., Keister, J. E., Alin, S. R., et al. (2019). 
Eco-physiological responses of copepods and 
pteropods to ocean warming and acidifica-
tion. Scientific Reports, 9(1), 4748. https://doi.
org/10.1038/s41598-019-41213-1 [OO][WC]

Enochs, I. C., Manzello, D. P., Carlton, R., Schopmey-
er, S., van Hooidonk, R., & Lirman, D. (2014). Ef-
fects of light and elevated pCO2 on the growth 
and photochemical efficiency of Acropora 
cervicornis. Coral Reefs, 33, 477–485. https://
doi.org/10.1007/s00338-014-1132-7 [FLC]

Enochs, I. C, Manzello, D. P., Donham, E. M., 
Kolodziej, G., Okano, R., Johnston, L., et al. 
(2015a). Shift from coral to macroalgae dom-
inance on a volcanically acidified reef. Nature 
Climate Change, 5, 1083–1089. https://doi.
org/10.1038/nclimate2758 [INTRO][FLC]

Enochs, I. C., Manzello, D. P., Carlton, R. D., Graham, 
D. M., Ruzicka, R., & Colella, M. A. (2015b). 
Ocean acidification enhances the bioerosion of 
a common coral reef sponge: implications for 
the persistence of the Florida Reef Tract. Bulle-
tin of Marine Science, 92(2), 271–290. [FLC]

Enochs, I. C., Manzello, D. P., Kolodziej, G., Noonan, 
S. H. C., Valentino, L., & Fabricius, K. E. (2016a). 
Enhanced macroboring and depressed calci-
fication drive net dissolution at high-CO2 coral 
reefs. Proceedings of the Royal Society B: Bio-
logical Sciences, 283(1842), 20161742. https://
doi.org/10.1098/rspb.2016.1742  [PAC][FLC]

Enochs, I. C., Manzello, D. P., Wirshing, H. H., Carl-
ton, R., Serafy, J. (2016b). Micro-CT analysis 
of the Caribbean octocoral Eunicea flexuosa 
subjected to elevated pCO2. ICES Journal of 
Marine Science, 73(3), 910–919. https://doi.
org/10.1093/icesjms/fsv159 [FLC]

Enochs, I. C., Manzello, D. P., Jones, P. R., Stamates, 
S. J., & Carsey, T. P. (2019). Seasonal carbon-

https://doi.org/10.1007/s00338-014-1132-7
https://doi.org/10.1007/s00338-014-1132-7


NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  117

ate chemistry dynamics on southeast Florida 
coral reefs: Localized acidification hotspots 
from navigational inlets. Frontiers in Marine 
Science, 6, 160. https://doi.org/10.3389/
fmars.2019.00160 [FLC][SAG]

Errera, R. M., Yvon-Lewis, S., Kessler, J. D., & 
Campbell, L. (2014). Responses of the dino-
flagellate Karenia brevis to climate change: 
pCO2 and sea surface temperatures. Harmful 
Algae 37, 110–116. https://doi.org/10.1016/j.
hal.2014.05.012 [SAG]

Evans, L. S., Hicks, C. C., Fidelman, P., Tobin, R. C., 
& Perry, A. L. (2013). Future scenarios as a 
research tool: Investigating climate change 
impacts, adaptation options and outcomes for 
the Great Barrier Reef, Australia. Human Ecol-
ogy, 41(6), 841–857. https://doi.org/10.1007/
s10745-013-9601-0 [WC]

Evans, W., Mathis, J. T., Cross, J. N., Bates, N. 
R., Frey, K. E., Else, B. G. T., et al. (2015). 
Sea-air CO2 exchange in the western Arc-
tic coastal ocean. Global Biogeochemical 
Cycles, 29(8), 1190–1209. https://doi.
org/10.1002/2015GB005153 [ARC]

Evans, W., Pocock, K., Hare, A., Weekes, C., Hales, 
B., Jackson, J., et al. (2019). Marine CO2 
patterns in the northern Salish Sea. Fron-
tiers in Marine Science, 5, 536. https://doi.
org/10.3389/fmars.2018.00536 [WC]

Eyre, B. D., Andersson A. J., & Cyronak T. (2014). 
Benthic coral reef calcium carbonate disso-
lution in an acidifying ocean. Nature Climate 
Change, 4, 969–976 [FLC]

Eyre, B. D., Cyronak, T., Drupp, P., De Carlo, E. H., 
Sachs, J. P., & Andersson, A. J. (2018). Coral 
reefs will transition to net dissolving before 
end of century. Science, 359, 908–911. [FLC]

Eyring, V., Bony, S., Meehl, G. A., Senior, C. A., Ste-
vens, B., Stouffer, R. J., & Taylor, K. E. (2016). 
Overview of the Coupled Model Intercompar-
ison Project Phase 6 (CMIP6) experimental 
design and organization. Geoscientific Model 
Development, 9, 1937–1958. [OO]

Fabricius, K. E., Langdon, C., Uthicke, S., Humphrey, 
C., Noonan, S., De’ath, G., et al. (2011). Losers 
and winners in coral reefs acclimatized to 
elevated carbon dioxide concentrations. Na-
ture Climate Change, 1, 165–169. https://doi.
org/10.1038/nclimate1122 [FLC]

Fabry, V. J., Seibel, B. A., Feely, R. A., & Orr, J. C. 

(2008). Impacts of ocean acidification on 
marine fauna and ecosystem processes. ICES 
Journal of Marine Science, 65(3), 414–432. 
https://doi.org/10.1093/icesjms/fsn048 [IN-
TRO]

Fabry, V. J., McClintock, J. B., Mathis, J. T., & Greb-
meier, J. M. (2009). Ocean acidification at high 
latitudes: the bellweather. Oceanography, 22(4), 
160–171. [AK]

Fall, J. A. (2012). Subsistence in Alaska – A Year 
2010 Update. Anchorage, AK: Division of 
Subsistence, Alaska Department of Fish and 
Game. [AK]

Fay, G., Link, J. S., & Hare, J. A. (2017). Assessing 
the effects of ocean acidification in the north-
east US using an end-to-end marine ecosystem 
model. Ecological Modelling, 347, 1–10. https://
doi.org/10.1016/j.ecolmodel.2016.12.016 [NE]

Feely, R. A., Sabine, C. L., Lee, K., Berelson, W., 
Kleypas, J., Fabry, V. J., & Millero, F. J. (2004). 
Impact of anthropogenic CO2 on the CaCO3 
system in the oceans. Science, 305(5682), 
362–366. https://doi.org/10.1126/sci-
ence.1097329 [INTRO][OO]

Feely, R. A., Takahashi, T., Wanninkhof, R., McPh-
aden, M. J., Cosca, C. E., Sutherland, S. C., & 
Carr, M.-E. (2006). Decadal variability of the 
air-sea CO2 fluxes in the equatorial Pacific 
Ocean. Journal of Geophysical Research, 
111(C08), C08S90. https://doi.org/10.1029/
2005JC003129 [NAT]

Feely, R. A., Sabine, C. L., Hernandez-Ayon, J. M., 
Ianson, D., & Hales, B. (2008). Evidence for 
upwelling of corrosive “acidified” water onto 
the Continental Shelf. Science, 320(5882), 
1490–1492. https://doi.org/10.1126/sci-
ence.1155676 [INTRO][WC]

Feely, R. A., Doney, S. C., & Cooley, S. R. (2009). 
Ocean acidification: Present conditions and 
future changes in a high-CO2 world. Oceanog-
raphy, 22(4), 36–47. https://doi.org/10.5670/
oceanog.2009.95 [INTRO][NAT][OO]

Feely, R. A., Alin, S. R., Newton, J., Sabine, C. L., 
Warner, M., Devol, A., et al. (2010). The com-
bined effects of ocean acidification, mixing, 
and respiration on pH and carbonate saturation 
in an urbanized estuary. Estuarine, Coastal and 
Shelf Science, 88(4), 442–449. [WC]

Feely, R., Sabine, C., Byrne, R., Millero, F., Dickson, 
A., Wanninkhof, R., et al. (2012). Decadal 

https://doi.org/10.1029/2005JC003129
https://doi.org/10.1029/2005JC003129


NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  118

changes in the aragonite and calcite saturation 
state of the Pacific Ocean. Global Biogeo-
chemical Cycles, 26(3), GB3001. https://doi.
org/10.1029/2011GB004157 [OO][WC]

Feely, R. A., Alin, S. R., Carter, B., Bednaršek, N., 
Hales, B., Chan, F., et al. (2016). Chemical 
and biological impacts of OA along the west 
coast of North America. Estuarine, Coastal and 
Shelf Science, 183(A), 260–270. https://doi.
org/10.1016/j.ecss.2016.08.043 [OO][WC]

Feely, R. A., Okazaki, R. R., Cai, W.-J., Bednaršek, 
N., Alin, S. R., Byrne, R. H., & Fassbender, A. 
(2018). The combined effects of acidification 
and hypoxia on pH and aragonite saturation 
in the coastal waters of the California Current 
Ecosystem and the northern Gulf of Mexico. 
Continental Shelf Research, 152, 50–60. https://
doi.org/10.1016/j.csr.2017.11.002 [WC][SAG]

Fennel, K., Alin, S., Barbero, L., Evans, W., Bourgeois, 
T., Cooley, S., et al. (2019). Carbon cycling in 
the North American coastal ocean: a synthesis. 
Biogeosciences, 16(6), 1281–1304. https://doi.
org/10.5194/bg-16-1281-2019 [SAG]

Finkelstein, S. A., Bunbury, J., Gajewski, K., Wolfe, 
A. P., Adams, J. K., & Devlin, J. E. (2014). Evalu-
ating diatom‐derived Holocene pH reconstruc-
tions for Arctic lakes using an expanded 171‐
lake training set. Journal of Quaternary Science, 
29(3), 249–260. [GL]

Fissel, B., Dalton, M., Garber-Yonts, B., Haynie, 
A., Kasperski, S., Lee, J., et al. (2017). Stock 
Assessment and Fishery Evaluation Report for 
the Groundfish Fisheries of the Gulf of Alaska 
and Bering Sea/Aleutian Islands Area: Eco-
nomic Status of the Groundfish Fisheries Off 
Alaska, 2016. Seattle, WA: Economic and Social 
Sciences Research Program, Resource Ecology 
and Fisheries Management Division, Alaska 
Fisheries Science Center, National Marine 
Fisheries Service, National Oceanic and Atmo-
spheric Administration. 425 pp. [AK]

Gaines, S. D., Costello, C., Owashi, B., Mangin, T., 
Bone, J., Molinos, J. G., et al. (2018). Improved 
fisheries management could offset many nega-
tive effects of climate change. Science Advanc-
es, 4(8), eaao1378. https://doi.org/10.1126/
sciadv.aao1378 [AK]

Garcia, A. C., Bargu, S., Dash, P., Rabalais, N. N., 
Sutor, M., Morrison, W., & Walker, N. D. (2010). 
Evaluating the potential risk of microcystins to 
blue crab (Callinectes sapidus) fisheries and 
human health in a eutrophic estuary. Harmful 

Algae 9(2), 134–143. https://doi.org/10.1016/j.
hal.2009.08.011 [SAG]

García-Reyes, M., Sydeman, W. J., Schoeman, D. 
S., Rykaczewski, R. R., Black, B. A., Smit, A. J., 
& Bograd, S. J. (2015). Under pressure: Cli-
mate change, upwelling, and eastern boundary 
upwelling ecosystems. Frontiers in Marine 
Science, 2, 109. doi:10.3389/fmars.2015.00109 
[WC]

Gardner, T. A.,  Côté, I. M., Gill, J. A., Grant, A., & 
Watkinson, A. R. (2003). Long-term region-wide 
declines in Caribbean corals. Science, 
301(5635), 958–960. https://doi.org/10.1126/
science.1086050 [FLC]

Gates, J. M. (2009). Investing in our future: The 
economic case for rebuilding Mid-Atlantic fish 
populations: Pew Environment Group. [MAB]

Gattuso, J.-P., Magnan, A., Bille, R., Cheung, W. W. 
L., Howes, E. L., Joos, F., et al. (2015). Con-
trasting futures for ocean and society from 
different anthropogenic CO2 emission scenar-
ios. Science, 349(6243), aac4722. https://doi.
org/10.1126/science.aac4722 [INTRO] [OO]

Ge, C., Chai, Y., Wang, H., & Kan, M. (2017). Ocean 
acidification: One potential driver of phospho-
rus eutrophication. Marine Pollution Bulletin, 
115(1-2), 149–153. https://doi.org/10.1016/j.
marpolbul.2016.12.016 [NE]

Georgian, S. E., DeLeo, D., Durkin, A., Gomez, C. 
E., Kurman, M., Lunden, J. J., & Cordes, E. E. 
(2016). Oceanographic patterns and carbonate 
chemistry in the vicinity of cold-water coral 
reefs in the Gulf of Mexico: Implications for 
resilience in a changing ocean. Limnology 
and Oceanography, 61, 648–665. https://doi.
org/10.1002/lno.10242 [SAG]

Gibble, C., Duerr, R., Bodenstein, B., Lindquist, K., 
Lindsey, J., Beck, J., et al. (2018). Investigation 
of a largescale Common Murre (Uria aalge) 
mortality event in California, USA, in 2015. 
Journal of Wildlife Diseases, 54(3), 569–574. 
https://doi.org/10.7589/2017-07-179 [WC] 

Gill, D., Rowe, M., & Joshi, S. J. (2018). Fishing in 
greener waters: Understanding the impact of 
harmful algal blooms on Lake Erie anglers 
and the potential for adoption of a forecast 
model. Journal of Environmental Management, 
227, 248–255. https://doi.org/10.1016/j.jen-
vman.2018.08.074 [GL]

Giltz, S. M., & Taylor, C. M. (2017). Reduced growth 



NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  119

and survival in the larval blue crab Callinectes 
sapidus under predicted ocean acidification. 
Journal of Shellfish Research, 36(2), 481–485. 
https://doi.org/10.2983/035.036.0219 [MAB]

Gingerich, P. D. (2019). Temporal scaling of carbon 
emission and accumulation rates: Modern an-
thropogenic emissions compared to estimates 
of PETM onset accumulation. Paleoceanog-
raphy and Paleoclimatology, 34(3), 329–335. 
[INTRO]

Glandon, H. L., & Miller, T. J. (2016). No effect of 
high pCO2 on juvenile blue crab, Callinectes 
sapidus, growth and consumption despite pos-
itive responses to concurrent warming. ICES 
Journal of Marine Science, 74(4), 1201–1209. 
https://doi.org/10.1093/icesjms/fsw171 
[MAB]

Glandon, H. L., Kilbourne, K. H., Schijf, J., & Miller, T. 
J. (2018). Counteractive effects of increased 
temperature and pCO2 on the thickness and 
chemistry of the carapace of juvenile blue 
crab, Callinectes sapidus, from the Patuxent 
River, Chesapeake Bay. Journal of Experimen-
tal Marine Biology and Ecology, 498, 39–45. 
[MAB]

Glaspie, C. N., Seitz, R. D., & Lipcius, R. N. (2017). 
The perfect storm: Extreme weather drives and 
predation maintains phase shift in dominant 
Chesapeake Bay bivalve. bioRxiv, 224097. 
[MAB]

Gledhill, D. K., Wanninkhof, R., Millero, F. K., & Eakin, 
M. (2008). Ocean acidification of the Greater 
Caribbean region 1996–2006. Journal of Geo-
physical Research–Oceans, 113(10), C10031. 
https://doi.org/10.1029/2007JC004629 [PAC]

Gledhill, D. K.,  Wanninkhof, R., & Eakin, C. M. 
(2009). Observing ocean acidification from 
space. Oceanography, 22(4), 48–59. https://
doi.org/10.5670/oceanog.2009.96 [FLC]

Gledhill, D. K., White, M. M., Salisbury, J., Thomas, 
H., Mlsna, I., Liebman, M., et al.. (2015). Ocean 
and coastal acidification of New England and 
Nova Scotia. Oceanography, 28(2), 182–197. 
https://doi.org/10.5670/oceanog.2015.41 [OO]
[NE]

Glenn, S., Arnone, R., Bergmann, T., Bissett, 
W. P., Crowley, M., Cullen, J., et al. (2004). 
Biogeochemical impact of summertime 
coastal upwelling on the New Jersey Shelf. 
Journal of Geophysical Research: Oceans, 
109(C12), C12S02. https://doi.org/10.1029/

2003JC002265 [MAB]

Gobler, C. J., & Baumann, H. (2016). Hypoxia and 
acidification in ocean ecosystems: coupled 
dynamics and effects on marine life. Biology 
Letters, 12(5), 20150976. [NE]

Gobler, C. J., & Talmage, S. C. (2014). Physiologi-
cal response and resilience of early life-stage 
Eastern oysters (Crassostrea virginica) to past, 
present and future ocean acidification. Con-
servation Physiology, 2(1), cou004. https://doi.
org/10.1093/conphys/cou004 [MAB][NE]

Goethel, C. L., Grebmeier, J. M., Cooper, L. W., 
& Miller, T. J. (2017). Implications of ocean 
acidification in the Pacific Arctic: Experi-
mental responses of three Arctic bivalves to 
decreased pH and food availability. Deep Sea 
Research Part II, 144, 112–124. https://doi.
org/10.1016/j.dsr2.2017.08.013 [ARC]

Goldsmith, K. A., Lau, S., Poach, M. E., Sakowicz, G. 
P., Trice, T. M., Ono, C. R., et al. (2019). Scientif-
ic considerations for acidification monitoring 
in the U.S. Mid-Atlantic Region. Estuarine, 
Coastal and Shelf Science, 225, 106189. 
https://doi.org/10.1016/j.ecss.2019.04.023 
[MAB]

Gorstein, M., Dillard, M., Loerzel, J., Edwards, P., & 
Levine, A. (2016). National Coral Reef Mon-
itoring Program Socioeconomic Monitoring 
Component: Summary Findings for South 
Florida, 2014. U.S. Department of Commerce, 
NOAA Technical Memorandum, NOAA-TM-
NOS-CRCP-25, 57 pp. + Appendices. https://
doi.org/10.7289/V5VH5KV5 [FL]

Gorstein, M., Loerzel, J., Edwards, P., Levine, A., & 
Dillard, M. (2017). National Coral Reef Mon-
itoring Program Socioeconomic Monitoring 
Component: Summary Findings for Puerto Rico, 
2015. U.S. Department of Commerce, NOAA 
Technical Memorandum, NOAA-TM-NOS-
CRCP-28, 64 pp. + Appendices. https://doi.
org/10.7289/V5BP00V9 [FL]

Gorstein, M., Loerzel, J., Edwards, P., Levine, A., & 
Dillard, M. (2018a). National Coral Reef Mon-
itoring Program Socioeconomic Monitoring 
Component: Summary Findings for Guam, 
2016. U.S. Department of Commerce, NOAA 
Technical Memorandum, NOAA-TM-NOS-
CRCP-32, 64 pp. + Appendices. https://doi.
org/10.25923/kpvd-mj07 [PAC]

Gorstein, M., Loerzel, J., Levine, A., Edwards, P., & 
Dillard, M. (2018b). National Coral Reef Mon-



NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  120

itoring Program Socioeconomic Monitoring 
Component: Summary Findings for Hawaiʻi, 
2015. U.S. Department of Commerce, NOAA 
Technical Memorandum, NOAA-TM-NOS-
CRCP-30, 69 pp. + Appendices. [PAC]

Gorstein, M., Loerzel, J., Edwards, P., Levine, A., & 
Dillard, M. (2019). National Coral Reef Monitor-
ing Program Socioeconomic Monitoring Com-
ponent: Summary Findings for CNMI, 2016. U.S. 
Department of Commerce, NOAA Technical 
Memorandum, NOAA-TM-NOS-CRCP-34, 69 pp. 
+ Appendices. [PAC]

Gravinese, P. M. (2018). Ocean acidification im-
pacts the embryonic development and hatch-
ing success of the Florida stone crab, Menippe 
mercenaria. Journal of Experimental Marine 
Biology and Ecology, 500, 140–146. https://doi.
org/10.1016/j.jembe.2017.09.001 [FLC]

Gravinese, P. M., Enochs, I. C., Manzello, D. P., & van 
Woesik, R. (2018). Warming and pCO2 effects 
on Florida stone crab larvae. Estuarine, Coastal 
and Shelf Science, 204, 193–201. https://doi.
org/10.1016/j.ecss.2018.02.021 [FLC]

Green, M. A., Waldbusser, G. G., Hubazc, L., Cath-
cart, E., & Hall, J. (2013). Carbonate mineral 
saturation state as the recruitment cue for 
settling bivalves in marine muds. Estuaries and 
Coasts, 36(1), 18–27. [NE]

Greene, C. M., Blackhart, K., Nohner, J., Candelmo, 
A., & Nelson, D. M. (2015). A national assess-
ment of stressors to estuarine fish habitats 
in the contiguous USA. Estuaries and Coasts, 
38(3), 782–799. [MAB]

Gruber, N., Hauri, C., Lachkar, Z., Loher, D., Frölicher, 
T. L., & Plattner, G.-K. (2012). Rapid progression 
of ocean acidification in the California Current 
System. Science, 337(6091), 220–223. https://
doi.org/10.1126/science.1216773 [WC]

Gruber, N., Landschützer, P., & Lovenduski, N. S. 
(2019a). The variable Southern Ocean carbon 
sink. Annual Review of Marine Science, 11(1), 
16.1–16.28. https://doi.org/10.1146/annurev- 
marine-121916-063407 [INTRO][OO]

Gruber, N, Clement, D., Carter, B. R., Feely, R. A., van 
Heuven, S., Hoppema, M., et al. (2019b). The 
oceanic sink for anthropogenic CO2 from 1994 
to 2007. Science, 363, 1193–1199. https://doi.
org/10.1126/science.aau5153 [OO]

Guilbert, J., Betts, A. K., Rizzo, D. M., Beckage, B., 
& Bomblies, A. (2015). Characterization of 

increased persistence and intensity of precip-
itation in the northeastern United States. Geo-
physical Research Letters, 42(6), 1888–1893. 
[NE]

Guinotte, J. M., Orr, J., Cairns, S., Freiwald, A., 
Morgan, L., & George, R. (2006). Will human-in-
duced changes in seawater chemistry alter the 
distribution of deep-sea scleractinian cor-
als? Frontiers in Ecology and the Environment, 
4(3), 141–146. [PAC]

Haines, T. A. (1981). Acidic precipitation and its 
consequences for aquatic ecosystems: a 
review. Transactions of the American Fisheries 
Society, 110(6), 669–707. [GL]

Hales, B., Strutton, P. G., Saraceno, M., Letelier, R., 
Takahashi, T., Feely, R., et al. (2012). Satel-
lite-based prediction of pCO2 in coastal waters 
of the eastern North Pacific. Progress in Ocean-
ography, 103, 1–15. https://doi.org/10.1016/j.
pocean.2012.03.001 [OO]

Hall, L. W. (1987). Acidification effects on larval 
striped bass, Morone saxatilis in Chesapeake 
Bay tributaries: a review. Water, Air, and Soil 
Pollution, 35(1-2), 87–96. [GL]

Halle, C. M., & Largier, J. L. (2011). Surface cir-
culation downstream of the Point Arena 
upwelling center. Continental Shelf Research, 
31(12), 1260–1272. https://doi.org/10.1016/j.
csr.2011.04.007 [WC]

Hansen, B. W., Andersen, C. M. B., Hansen, P. J., 
Nielsen, T. G., Vismann, B., & Tiselius, P. (2019). 
In situ and experimental evidence for effects 
of elevated pH on protistan and metazoan 
grazers. Journal of Plankton Research, 41(3), 
257–271. https://doi.org/10.1093/plankt/
fbz020 [SAG]

Harada, N. (2016). Review: Potential catastroph-
ic reduction of sea ice in the western Arctic 
Ocean: Its impact on biogeochemical cycles 
and marine ecosystems. Global and Planetary 
Change, 136, 1–17. https://doi.org/10.1016/j.
gloplacha.2015.11.005 [ARC]

Hare, J. A., Morrison, W. E., Nelson, M. W., Stachura, 
M. M., Teeters, E. J., Griffis, R. B., et al. (2016). 
A vulnerability assessment of fish and inverte-
brates to climate change on the northeast U.S. 
continental shelf. PLoS ONE, 11(2), e0146756. 
https://doi.org/10.1371/journal.pone.0146756 
[MAB][NE]

Harvell, C. D., Montecino-Latorre, D., Caldwell, J. M., 



NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  121

Burt, J. M., Bosley, K., Keller, A., et al. (2019). 
Disease epidemic and a marine heat wave are 
associated with the continental-scale col-
lapse of a pivotal predator Pycnopodia helian-
thoides). Science Advances, 5(1), eaau7042. 
https://doi.org/10.1126/sciadv.aau7042 [WC]

Harvey, B. P., Gwynn-Jones, D., & Moore, P. J. 
(2013). Meta-analysis reveals complex marine 
biological responses to the interactive effects 
of ocean acidification and warming. Ecology 
and Evolution, 3(4), 1016–1030. https://doi.
org/10.1002/ece3.516 [AK]

Harvey, C., Garfield, N., Williams, G., Tolimieri, N., 
Schroeder, I., Hazen, E., et al. (2018). Ecosys-
tem Status Report of the California Current 
for 2018: A Summary of Ecosystem Indicators 
Compiled by the California Current Integrated 
Ecosystem Assessment Team (CCEIA). U.S. 
Department of Commerce, NOAA Technical 
Memorandum NMFS-NWFSC-145. https://doi.
org/10.25923/mvhf-yk36 [WC]

Hasler, C. T., Jeffrey, J. D., Schneider, E. V. C., 
Hannan, K. D., Tix, J. A., & Suski, C. D. (2018). 
Biological consequences of weak acidification 
caused by elevated carbon dioxide in fresh-
water ecosystems. Hydrobiologia, 806, 1–12. 
https://doi.org/10.1007/s10750-017-3332-y 
[GL]

Hattenrath‐Lehmann, T. K., Smith, J. L., Wallace, 
R. B., Merlo, L. R., Koch, F., Mittelsdorf, H., et 
al. (2015). The effects of elevated CO2 on the 
growth and toxicity of field populations and 
cultures of the saxitoxin‐producing dinoflagel-
late, Alexandrium fundyense. Limnology and 
Oceanography, 60(1), 198–214. [MAB]

Hauri, C., Gruber, N., Vogt, M., Doney, S. C., Feely, 
R. A., Lachkar, Z., et al. (2013). Spatiotemporal 
variability and long-term trends of OA in the 
California Current System. Biogeosciences, 
10(1), 193–216. doi:10.5194/bg-10-193-2013 
[WC]

Hauri, C., Doney, S. C., Takahashi, T., Erickson, M., 
Jiang. G., & Ducklow H. W. (2015). Two de-
cades of inorganic carbon dynamics along the 
West Antarctic Peninsula. Biogeosciences, 12, 
6761–6779. https://doi.org/10.5194/bg-12-
6761-2015 [OO]

Hauri, C., Danielson, S., McDonnell, A. M. P., Hop-
croft, R. R., Winsor, P., Shipton, P., et al. (2018). 
From sea ice to seals: a moored marine eco-
system observatory in the Arctic. Ocean Sci-
ence, 14, 1423–1433. https://doi.org/10.5194/

os-14-1423-2018 [ARC]

Hawkes, L. A., Broderick, A. C., Godfrey, M. H., 
& Godley, B. J. (2009). Climate change and 
marine turtles. Endangered Species Research, 
7, 137–154. https://doi.org/10.3354/esr00198 
[PAC]

Hermann, A. J., Gibson, G. A., Cheng, W., Ortiz, I., 
Aydin, K., Wang, M. Y., et al. (2019). Projected 
biophysical conditions of the Bering Sea to 
2100 under multiple emission scenarios. ICES 
Journal Marine of Science, 76, 1280–1304. 
https://doi.org/10.1093/icesjms/fsz043 [AK]

Hickey, B. M. (1998). Coastal oceanography of 
western North America from the tip of Baja 
California to Vancouver Island. In A. R. Rob-
inson, K. H. Brink (Eds.), The Sea, the Global 
Coastal Ocean (Vol. 11, pp  345-393). New 
York, NY: John Wiley & Sons. [WC]

Himes-Cornell, A., & Kasperski, S. (2015). Assess-
ing climate change vulnerability in Alaska’s 
fishing communities. Fisheries Research, 
162, 1–11. https://doi.org/10.1016/j.fish-
res.2014.09.010 [AK]

Hjort, J., Karjalainen, O., Aalto, J., Westermann, S., 
Romanovsky, W.V., Nelson, F.E., et al. (2018). 
Degrading permafrost puts Arctic infrastruc-
ture at risk by mid-century. Nature Communica-
tions, 9, 5147. https://doi.org/10.1038/s41467-
018-07557-4 [ARC]

Hoag, H. (2017). News: “Nations agree to ban 
fishing in Arctic Ocean for at least 16 years.” 
Science, 1 December 2017. https://doi.
org/10.1126/science.aar6437 [ARC]

Hodgson, E. E., Essington, T. E., & Kaplan, I. C. 
(2016). Extending vulnerability assessment to 
include life stages considerations. PLoS ONE, 
11(7), e0158917. https://doi.org/10.1371/jour-
nal.pone.0158917 [WC]

Hodgson, E. E., Kaplan, I. C., Marshall, K. N., Leon-
ard, J., Essington, T. E., Busch, D. S., et al. 
(2018). Consequences of spatially variable 
ocean acidification in the California Current: 
Lower pH drives strongest declines in benthic 
species in southern regions while greatest 
economic impacts occur in northern regions. 
Ecological Modelling, 383, 106–117. https://
doi.org/10.1016/j.ecolmodel.2018.05.018 [WC]

Hoegh-Guldberg, O., Mumby, P. J., Hooten, A. J., 
Steneck, R. S., Greenfield, P., Gomez, E., et al. 
(2007). Coral reefs under rapid climate change 

https://doi.org/10.1093/icesjms/fsz043
https://doi.org/10.1016/j.fishres.2014.09.010
https://doi.org/10.1016/j.fishres.2014.09.010


NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  122

and ocean acidification. Science, 318(5857), 
1737–1742. https://doi.org/10.1126/sci-
ence.1152509 [PAC]

Hoegh-Guldberg, O., Poloczanska, E., Skirving, 
W., & Dove, S. (2017). Coral reef ecosystems 
under climate change and ocean acidifi-
cation. Frontiers in Ecology and the Envi-
ronment, 4, 158. https://doi.org/10.3389/
fmars.2017.00158 [OO][PAC]

Hogarth, W. T. (2006). Endangered and threatened 
species: final listing determinations for the 
elkhorn coral and staghorn coral. Federal Reg-
istry, 71, 26852–26872. [FLC]

Hohman, R., Hutto, S., Catton, C., & Koe, F. (2019). 
Sonoma-Mendocino Bull Kelp Recovery Plan. 
Unpublished report to Greater Farallones 
National Marine Sanctuary and the California 
Department of Fish and Wildlife. San Francis-
co, CA. 166 pp. [WC]

Hollowed, A. B., Holsman, K. K., Haynie, A. C., 
Hermann, A. J., Punt, A. E., Aydin, K., et al. 
(2020). Integrated modeling to evaluate cli-
mate change impacts on coupled social-eco-
logical systems in Alaska. Frontiers in Marine 
Science, 6, 775. https://doi.org/10.3389/
fmars.2019.00775 [AK]

Holsman, K., Samhouri, J., Cook, G., Hazen, E., 
Olsen, E., Dillard, M., et al. (2017). An ecosys-
tem-based approach to marine risk assess-
ment. Ecosystem Health and Sustainability, 
3, e01256. https://doi.org/10.1002/ehs2.1256 
[AK]

Holsman, K. K., Hazen, E. L., Haynie, A., Gourguet, 
S., Hollowed, A., Bograd, S. J., et al., (2019). 
Towards climate resiliency in fisheries man-
agement. ICES Journal of Marine Science, 76, 
1368–1378. https://doi.org/10.1093/icesjms/
fsz031 [AK]

Hu, X., Nuttall, M. F., Wang, H., Yao, H., Staryk, 
C. J., McCutcheon, M. R., et al. (2018). Sea-
sonal variability of carbonate chemistry 
and decadal changes in waters of a marine 
sanctuary in the Northwestern Gulf of Mexico. 
Marine Chemistry, 205, 16–28. https://doi.
org/10.1016/j.marchem.2018.07.006 [SAG]

Huang, W.-J., Cai, W.-J., Castelao, R. M., Wang, 
Y., & Lohrenz, S. E. (2013). Effects of a 
wind-driven cross-shelf large river plume on 
biological production and CO2 uptake on the 
Gulf of Mexico during spring. Limnology and 

Oceanography, 58(5), 1727–1735. https://doi.
org/10.4319/lo.2013.58.5.1727 [SAG]

Huang, W.-J., Cai, W.-J., Wang, Y., Lohrenz, S. E., 
& Murrell, M. C. (2015). The carbon dioxide 
system on the Mississippi River-dominat-
ed continental shelf in the northern Gulf of 
Mexico: 1. Distribution and air-sea CO2 flux. 
Journal of Geophysical Research–Oceans, 
120(3), 1429–1445. https://doi.org/10.1002/
2014JC010498 [SAG]

Hudson, K. (2018). Virginia Shellfish Aquaculture 
Situation and Outlook Report. VIMS Marine 
Resource Report No. 2018-9, Virginia Sea 
Grant Publication #18-3. Retrieved from 
https://www.vims.edu/research/units/cen-
terspartners/map/aquaculture/docs_aqua/
vims_mrr_2018-9.pdf. [MAB]

Hurst, T. P., Fernandez, E. R., Mathis, J. T., Miller, J. 
A., Stinson, C. S., & Ahgeak, E. F. (2012). Resil-
iency of juvenile walleye pollock to projected 
levels of OA. Aquatic Biology, 17, 247–259. 
[AK]

Hurst, T. P., Fernandez, E. R., & Mathis, J. T. (2013). 
Effects of ocean acidification on hatch 
size and larval growth of walleye pollock 
(Theragra chalcogramma). ICES Journal of 
Marine Science, 70(4), 812–822. https://doi.
org/10.1093/icesjms/fst053 [INTRO][AK]

Hurst, T. P., Laurel, B. J., Mathis, J. T., & Tobosa, 
L. R. (2016). Effects of elevated CO2 levels 
on eggs and larvae of a North Pacific flatfish. 
ICES Journal of Marine Science, 73, 981–990. 
https://doi.org/10.1093/icesjms/fsv050 
[INTRO][AK]

Hurst, T. P., Laurel, B. J., Hanneman, E., Haines, S. 
A., & Ottmar, M. L. (2017). Elevated CO2 does 
not exacerbate nutritional stress in larvae of 
a Pacific flatfish. Fisheries Oceanography, 26, 
336–349. https://doi.org/10.1111/fog.12195 
[AK]

Hurst, T. P., Copeman, L. A., Haines, S. A., Mer-
edith, S. D., Daniels, K., & Hubbard, K. M. 
(2019). Elevated CO2 alters behavior, growth, 
and lipid composition of Pacific cod larvae. 
Marine Environmental Research, 145, 52–65. 
[AK]

Hutto, S. V. (Ed.) (2016). Climate-Smart Adap-
tation for North-central California Coastal 
Habitats. Report of the Climate-Smart Adapta-
tion Working Group of the Greater Farallones 

https://doi.org/10.3389/fmars.2019.00775
https://doi.org/10.3389/fmars.2019.00775
https://doi.org/10.1002/ehs2.1256
https://doi.org/10.1093/icesjms/fsz031
https://doi.org/10.1093/icesjms/fsz031


NOAA Ocean, Coastal, and Great Lakes Acidification Research Plan |  123

National Marine Sanctuary Advisory Council. 
San Francisco, CA. 47 pp. [WC]

ICCA (2015). Alaskan Inuit Food Security Con-
ceptual Framework: How to Assess the Arc-
tic from an Inuit Perspective. Summary and 
Recommendations Report. Inuit Circumpolar 
Council-Alaska, Anchorage, AK. Retrieved 
from https://iccalaska.org/wp-icc/wp-content/
uploads/2016/03/Food-Security-Summa-
ry-and-Recommendations-Report.pdf [ARC]

IJC Great Lakes Water Quality Board Public En-
gagement Work Group (2018). Second Bina-
tional Great Lakes Basin Poll. Windsor, ON: 
International Joint Commission, Great Lakes 
Regional Office. Retrieved from https://legacy-
files.ijc.org/tinymce/uploaded/WQB/WQB_Sec-
ond_Poll_Report.pdf [GL]

IPCC (2019). IPCC Special Report on the Ocean 
and Cryosphere in a Changing Climate [Pörtner, 
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